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© A first radiation member 165 includes radiation 
conductors 166 and 167, an arm 168 and a lower 
connection piece 169 all integrally formed by blan- 
king. A stub 170 is likewise integrally formed on 
radiation conductor 166. A second radiation member 
171 includes radiation conductors 172 and 173, an 
arm 174 and a lower connection piece 175 all integ- 
rally formed by blanking. A stub 176 is likewise 
integrally formed on radiation conductor 173. A first 
loop comprised of radiation conductors 167 and 172, 
arms 168 and 174 and lower connection pieces 169 
and 175 exhibits capacitive impedance at a 
wavelength for use. The overall length of a second 
loop comprised of radiation conductors 166 and 173, 
arms 168 and 174 and lower connection pieces 169 
and 175 is set equal to that of the first loop. The 
second loop, however, exhibits inductive impedance 
at the wavelength for use by adjustment of the 
length of stubs 170 and 176. Adjusting stubs 170 
and 176 enable control of a phase of a current 
flowing through the second loop. 


Fig. 10 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to back fire hel- 
ical antennas for use in a navigation system such 
as GPS. 

Description of the Background Art 

With recent development of an information so- 
ciety, a mobil radio communication and a satellite 
communication have been flourished, and a naviga- 
tion system such as GPS for receiving radio waves 
of artificial satellites and detecting the position and 
speed of mobile bodies is put into practice. In 
GPS, a radio wave with a frequency, of an S band 
is used, and a back fire helical antenna, spiral 
antenna and the like are used in practice as a 
receiving antenna. 

Fig. 1 1 is a perspective view of a conventional 
back fire helical antenna. A flexible substrate film 3 
is lapped around outer peripheries of a cylindrical 
bobbin 1 being a dieiectric. Bobbin 1 serves to 
retain flexible substrate film 3 in a cylindrical form. 
Four helical radiation conductors 5, 7, 9 and 1 1 are 
formed on a surface of flexible substrate film 3 by 
etching. 

A coaxial cable 38 is disposed at the position 
of a central axis of cylindrical bobbin 1. Coaxial 
cable 38 includes a coaxial central conductor 39, 
an insulator 41 provided around coaxial central 
conductor 39, and a coaxial outer conductor 43 
provided around insulator 41. 

An arm 13 is soldered by solder 45 to a first 
end of coaxial central conductor 39. A first end 23 
of radiation conductor 5 is soldered by solder 19 
onto a first end 15 of arm 13. A first end 25 of 
radiation conductor 7 is soldered by solder (not 
shown) onto a second end 17 of arm 13. 

An arm 27 is soldered by solder 47 to a first 
end of coaxial outer conductor 43. A first end 35 of 
radiation conductor 9 is soldered by solder 33 to a 
first end 29 of arm 27. A first end 37 of radiation 
conductor 11 is soldered by solder (not shown) 
onto a second end 31 of arm 27. 

A lower connection piece 49 is soldered to 
coaxial outer conductor 43 by solder. Respective 
second ends 59, 61 , 63 and 65 of respective radi- 
ation conductors 11, 7, 5 and 9 are soldered, 
respectively, to first, second, third, and fourth con- 
necting portions 51 , 53, 55 and 57 of lower connec- 
tion piece 49. Reference numerals 67 and 69 de- 
note solders. Radiation conductors 5, 7, 9 and 11 
are formed to wrap around bobbin 1. 

A helical antenna operation shown in Fig. 11 
will now be described. An overall length of a first 
loop comprised of radiation conductors 5 and 11, 


arms 13 and 27 and lower connection piece 49 is 
set to be slightly longer than a wavelength for use, 
and an overall length of a second loop comprised 
of radiation conductors 7 and 9, arms 13 and 27 

5 and lower connection piece 49 is set to be slightly 
shorter than a wavelength for use. At the 
wavelength for use, the first longer loop exhibits 
inductive impedance, while the second shorter loop 
exhibits capacitive impedance. 

w Thus, provision of a suitable difference in the 
overall lengths of both loops results in a mutual 
phase difference of 90° between respective cur- 
rents flowing through mutually adjacent radiation 
conductors 5, 7, 9 and 1 1 despite the fact that both 

is loops are fed with power in parallel, so that a 
circularly polarized wave is efficiently radiated. 

Fig. 12 is a sectional view of coaxial central 
conductor 39, and Fig. 13 is a sectional view of 
insulator 41. Coaxial central conductor 39 has such 

20 a structure that the conductor has a different diam- 
eter only by the length of Xg/4 from a feeder 75 
which is a connection portion with arm 13. 

This part is called a coaxial central conductor 
39a. Coaxial central conductor 39a, insulator 41 

25 and coaxial outer conductor 43 constitute a imped- 
ance transformer. The impedance transformer 
serves to take a match between impedance of 
coaxial cable 38 and impedances of radiation con- 
ductors 5, 7, 9 and 11. Xg is a wavelength of a 

30 radio wave for use. While the diameter of coaxial 
cable 38 is made larger by the length of X g /4 in this 
example, this value varies depending on the im- 
pedance of coaxial cable 38 and the impedances of 
radiation conductors 5, 7, 9 and 1 1 . 

35 As shown in Fig. 13, a cavity 73 of insulator 41 
is processed so that coaxial central conductor 39a 
fits in the cavity. 

However, it is difficult to process coaxial central 
conductor 39 and cavity 73 in the forms shown in 

40 Figs. 12 and 13, leading to a poor productivity of 
the back fire helical antenna. 

In addition, in a conventional quadrifilar back 
fire helical antenna, since radiation conductors 5, 7, 
9 and 11, arms 13 and 27 and lower connection 

45 piece 49 are separate parts, the number of places 
for soldering increases at the time of assembly, 
and also the number of working steps increases. 

As a method for providing a difference in over- 
all lengths of loops, a method for changing a pitch 

so angle of the loops is known as disclosed in Japa- 
nese Patent Laying-Open No. 63-26004. A tech- 
nique in which a parasitic object is disposed in the 
vicinity of a driver element and phases of currents 
flowing through radiation conductors 5, 7, 9 and 1 1 

55 can be changed is disclosed in Japanese Patent 
Laying-Open No. 2-127804. 

In such conventional techniques, however, a 
structure for realizing a desired loop length is com- 
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plicated. Further, a structure for controlling phase 
of a current is complicated. In some case, it is 
difficult to assemble an antenna and also to control 
phase of a current flowing through a radiation con- 
ductor after completion of the assembly of the 
antenna. 

SUMMARY OF THE INVENTION 

One object of the present invention is to pro- 
vide a back fire helical antenna of which productiv- 
ity can be increased. 

Another object of the present invention is to 
provide a method of manufacturing a back fire 
helical antenna of which productivity can be in- 
creased. 

A further object of the present invention is to 
provide a back fire helical antenna with a simple 
structure in which phase of a current flowing 
through a radiation conductor can be controlled 
and even after the antenna is completed, the phase 
of the current can be easily controlled. 

According to a first aspect of the present in- 
vention, a back fire helical antenna includes a strip 
line including a dielectric substrate having a main 
surface and a back surface, a first strip conductor 
formed on the main surface, a second strip con- 
ductor formed on the main surface and electrically 
connected with the first strip conductor, and a 
conductive earth plate formed on the back surface. 
The second strip conductor, the dielectric substrate 
and the conductive earth plate constitute trans- 
formation means for taking a match between im- 
pedance of a radiation conductor and that of the 
strip line. The radiation conductor is disposed 
helically about the strip line set as a center. A first 
end of the radiation conductor is electrically con- 
nected with the transformation means. A second 
end of the radiation conductor is electrically con- 
nected with the conductive earth plate. 

According to a second aspect of the present 
invention, a back fire helical antenna includes a 
strip line including a dielectric substrate having a 
main surface and a back surface, a strip conductor 
formed on the main surface and having its width 
becoming smaller from a first end to a second end 
of the, dielectric substrate, and a conductive earth 
plate formed on the back surface and having its 
width becoming smaller from the first end to the 
second end of the dielectric substrate With the 
respective widths of the strip conductor and the 
conductive earth plate decreasing from the first end 
to the second end of the dielectric substrate, the 
strip line has a function of balun. A radiation con- 
ductor is disposed helically about the strip line 
being set as a center. The radiation conductor has 
a first end electrically connected with a balun and a 
second end electrically connected with the conduc- 


tive earth plate. 

According to a third aspect of the present 
invention, a back fire helical antenna includes a 
radiation member comprised of a first radiation 

s conductor, a second radiation conductor disposed 
in parallel and spaced apart from the first radiation 
conductor, a first end connecting member for elec- 
trically connecting a first end of the first radiation 
conductor and a first end of the second radiation 

10 conductor, and a second end connecting member 
for electrically connecting a second end of the first 
radiation conductor and a second end of the sec- 
ond radiation conductor, all being integrally formed 
together. The radiation member is provided such 

75 that the first and second radiation conductors are of 
a helical form about a feeder set as a center. The 
first and second end connecting members are 
electrically connected to the feeder. 

According to a fourth aspect of the present 

20 invention, a back fire helical antenna is character- 
ized in that a first stub for controlling phase of a 
current flowing through a first radiation conductor is 
provided in the first radiation conductor. 

According to a fifth aspect of the present in- 

25 vention, a method of manufacturing a back fire 
helical antenna includes the steps of: forming a 
radiation member of the third aspect by blanking 
out a conductive plate member; bending the radi- 
ation member in a helical form; disposing the hel- 

30 ical radiation member so that first and second 
radiation conductors are formed helically about a 
feeder being set as a center; and electrically con- 
necting first and second end connecting members 
to the feeder. 

35 According to the first aspect of the present 
invention, the strip line is employed in place of a 
coaxial cable. Since the first and second strip con- 
ductors formed on the main surface of the dielec- 
tric substrate can be formed by etching, formation 

40 of the transformation means is facilitated. 

According to the second aspect of the present 
invention, the back fire helical antenna has the strip 
conductor and the conductive earth plate with their 
width decreasing from the first end to the second 

45 end of the dielectric substrate. This results in such 
an effect that there is no need to provide a new 
balun in addition to the effects of the first aspect. 

According to the third aspect of the present 
invention, the radiation member incorporated has 

so such a structure that the first and second radiation 
conductors and the first and second end connect- 
ing members are formed integrally. Thus, only two 
connecting places in assembly are required, that is, 
one between the first end connecting member and 

55 the feeder, and the other between the second end 
connecting member and the feeder. In other words, 
since conventionally separate parts are united to- 
gether, the number of parts and the number of 
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connecting places in assembly can be decreased. 

According to the fourth aspect of the present 
invention, the first stub is provided in the first 
radiation conductor. Since the phase of a current 
flowing through the first radiation conductor can be 
controlled depending on the length, the width and 
the like of the first stub, the phase of the current 
can easily be controlled even after the antenna is 
completed. Further, since the first stub is united 
with the first radiation conductor, the assembly of 
the antenna does not become difficult. 

According to the fifth aspect of the present 
invention, since the antenna is formed by employ- 
ing the radiation member of the third aspect, the 
number of connecting places decreases and pro- 
ductivity of the antenna increases. 

The foregoing and other objects, features, as- 
pects and advantages of the present invention will 
become more apparent from the following detailed 
description of the present invention when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a first embodi- 
ment of a back fire helical antenna according to the 
present invention. 

Fig. 2 is a plan view of a microstrip line incor- 
porated in the first embodiment. 

Fig. 3 is a plan view of a lower connection 
piece incorporated in the first embodiment. 

Fig. 4 is a perspective view of a microstrip line 
incorporated in a second embodiment of a back 
fire helical antenna according to the present inven- 
tion. 

Fig. 5 is a plan view of a microstrip line incor- 
porated in a third embodiment of a back fire helical 
antenna according to the present invention. 

Fig. 6 is a perspective view of a fourth embodi- 
ment of a back fire helical antenna according to the 
present invention. 

Fig. 7 is a plan view of a radiation member 
incorporated in the fourth embodiment. 

Fig. 8 is a perspective view for use in explain- 
ing assembly of the fourth embodiment. 

Fig. 9 is a plan view of another example of the 
radiation member incorporated in the fourth em- 
bodiment. 

Fig. 10 is a perspective view of a fifth embodi- 
ment of a back fire helical antenna according to the 
present invention. 

Fig. 11 is a perspective view of a conventional 
back fire helical antenna. 

Fig. 12 is a sectional view of a part of a coaxial 
central conductor of a coaxial cable of the conven- 
tional back fire helical antenna. 

Fig. 13 is a partial sectional view of an insulator 
of the coaxial cable of the conventional back fire 


helical antenna. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

5 

A first embodiment 

Fig. 1 is a perspective view of a first embodi- 
ment of a back fire helical antenna according to the 

10 present invention. A flexible substrate film 82 is 
lapped around an outer circumference of a cylin- 
drical bobbin 81 being a dielectric. Bobbin 81 
serves to maintain flexible substrate film 82 in a 
cylindrical form. Four helical radiation conductors 

is 83, 84, 85 and 86 are formed by etching on a 
surface of flexible substrate film 82. A microstrip 
line 87 is provided inside bobbin 81. Microstrip line 
87 is comprised of a dielectric substrate 88 made 
of glass epoxy or the like, first and second strip 

so conductors 90 and 89 made of copper foils and 
formed on a main surface of dielectric substrate 88, 
and an earth plate (not shown in Fig. 1) made of 
copper foils and formed on a back surface of 
dielectric substrate 88. Second strip conductor 89, 

25 dielectric substrate 88 and the earth plate con- 
stitute a impedance transformer for taking matches 
between impedances of radiation conductors 83, 
84, 85 and 86 and that of microstrip line 87. 

An arm 91 is soldered on second strip conduc- 

30 tor 89 by soldering. A first end 97 of radiation 
conductor 83 is soldered by solder 94 to a first end 
93 of arm 91. A first end 100 of radiation conductor 
84 is soldered by solder (not shown) to a second 
end 95 of arm 91. 

35 An arm 96 is soldered by solder 98 on the 
earth plate (not shown in Fig. 1). A first end 107 of 
radiation conductor 85 is soldered by solder 106 to 
a first end 103 of arm 96. A first end 110 of 
radiation conductor 86 is soldered by solder (not 

40 shown) to a second end 105 of arm 96. 

A lower connection piece 99 is soldered by 
solder on the earth plate. Respective second ends 
108, 115, 101 and 117 of respective radiation con- 
ductors 86, 84, 83 and 85 are soldered, respec- 

45 tively, on first, second, third and fourth connecting 
portions 111, 112, 113 and 114 of lower connection 
piece 99. Reference numerals 109 and 116 denote 
solders. Radiation conductors 83, 84, 85 and 86 
are lapped around bobbin 81 . 

so Fig. 2 is a plan view of microstrip line 87. First 
strip conductor 90 and second strip conductor 89 
are formed by etching the copper foils formed on 
the main surface of dielectric substrate 88. Second 
strip conductor 89 has a length of Xg/4, however, its 

55 length is varied with the impedances of the radi- 
ation conductors and that of the microstrip line. 

Fig. 3 is a plan view of lower connection piece 
99. An earth plate 118 formed on the back surface 
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of dielectric substrate 88 is connected with tower 
connection piece 99, whereas first strip conductor 
90 and lower connection piece 99 are not con- 
nected with each other because of space 119 
therebetween. 

A second embodiment 

Fig. 4 is a perspective view of a microstrip line 
incorporated in a second embodiment of a back 
fire helical antenna according to the present inven- 
tion. On this microstrip line, a balun is formed in 
place of a impedance transformer. A strip conduc- 
tor and an earth plate are denoted with reference 
numerals 120 and 121, respectively. The balun is 
constituted by gradually decreasing respective 
widths of strip conductor 120 and earth plate 121. 
In this embodiment since the balun is incorpo- 
rated, no impedance transformer is required. While 
this microstrip line uses air as a dielectric, a dielec- 
tric substrate 186 may be provided between strip 
conductor 120 and earth plate 121. 

The second embodiment is identical to the first 
embodiment except the structure of the microstrip 
line. In the second embodiment, arm 91 (see Fig. 
1) is connected to a portion denoted with a of strip 
conductor 120; arm 96 (see Fig. 1) is connected to 
a portion denoted with b of earth plate 121; and 
lower connection piece 99 (see Fig. 1) is con- 
nected to a portion denoted with c of earth plate 
121. Since this balun can be formed by etching, 
the balun can easily be formed. 

A third embodiment 

Fig. 5 is a plan view of a dielectric substrate 
incorporated in a third embodiment of a back fire 
helical antenna according to the present invention. 
On a dielectric substrate 125 is formed a low noise 
amplifier circuit which is an amplifier circuit formed 
of a field effect transistor 126 or the like and 
causing less noise. 

A first strip conductor 127, a second strip con- 
ductor 128 and wiring patterns 129a-129f are 
formed on dielectric substrate 125. Those elements 
are formed at the same time by etching. A field 
effect transistor 126 is formed in a part of dielectric 
substrate 125 which is between first and second 
strip conductors 127 and 128. Field effect transistor 
126 has its gate connected with wiring pattern 129d 
by a lead 130c, its drain connected with wiring 
pattern 129b by a lead 130a and its source con- 
nected with wiring patterns 129f and 129c by leads 
130b and 130d, respectively. 

Wiring patterns 129a and 129b are connected 
with each other by chip parts 133a and 133g; 
wiring patterns 129c and 129d by chip parts 133b 
and 133c; wiring pattern 129d and second strip 


conductor 128 by chip parts 133d; and wiring pat- 
terns 129f and 129e by chip parts 133f. The chip 
parts are resistors, capacitors and the like in the 
form of chips. Wiring patterns 129d and 129e are 
5 connected via, respectively, through holes 131a 
and 131b to an earth plate of the back surface of 
dielectric substrate 125. The low noise amplifier 
circuit is covered with a shielding case 132. A part 
of shielding case 132 is notched to facilitate under- 
go standing of the structure of the low noise amplifier 
circuit; however, there is actually no such notch. 

A signal transmitted from second strip conduc- 
tor 128 is amplified by the low noise amplifier 
circuit and then transmitted to first strip conductor 
75 127. In the third embodiment, the low noise am- 
plifier circuit is formed on dielectric substrate 125, 
thereby enabling a smaller scale of antennas. Pow- 
er amplification circuit may be employed not only 
in reception but also in transmission. 

20 

A fourth embodiment 

Fig. 6 is a perspective view of a fourth embodi- 
ment of a back fire helical antenna according to the 

25 present invention. A first radiation member 141 is 
of such a structure that radiation conductors 142 
and 143, an arm 144 and a lower connection piece 
145 are formed integrally. A second radiation mem- 
ber 146 is of such a structure that radiation con- 

30 ductors 147 and 148, an arm 149 and a lower 
connection piece 150 are formed integrally. First 
and second radiation members 141 and 146 are 
conductor plates which are approximately 0.5 to 
2mm in thickness and have appropriate rigidity 

35 such as cold rolled iron plates, aluminum plates 
and brass plates. A reference numeral 152 denotes 
a coaxial cable. Coaxial cable 152 includes a co- 
axial central conductor 153, an insulator 154 and a 
coaxial outer conductor 155. 

40 Second radiation member 146 is formed in the 
shape shown in Fig. 7 by blanking of thin plate 
press. By bending portions shown by two-chain 
dotted lines of A-D by about 90 *, each part of 
radiation conductors 147 and 148, arm 149 and 

45 lower connection piece 150 is formed. Two arms of 
arm 149 have different lengths. Portions A-D need 
not necessarily be bent orthogonally, and they may 
be bent such that their corners are rounded. A 
reference numeral 151 denotes a through hole. 

so Coaxial cable 152 is inserted into through hole 151. 
First radiation member 141 is formed in the same 
manner as second radiation member 146. 

With the bent first and second radiation mem- 
bers 141 and 146 facing each other as shown in 

55 Fig. 8, through holes 151 and 159 are inserted into 
coaxial cable 152. Through holes 151 and 159 are 
soldered to a solder portion 160 of coaxial outer 
conductor 155; arm 144 is soldered to a solder 
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portion 161 of coaxial central conductor 153; and 
arm 149 is soldered to a solder portion 162 of 
coaxial outer conductor 155. This state is shown in 
Fig. 6. Reference numerals 156, 157 and 158 de- 
note solders. 

As first and second radiation members 141 and 
146, those shown in Fig. 9 may be used. Radiation 
conductors 147 and 148 are connected with each 
other by a rib 185. This rib 185 is formed at the 
time of blanking. After bending of portions A-D, rib 
185 is cut out and removed. Provision of rib 185 
enables a reduction in variation of shapes of radi- 
ation conductors 147 and 148 such as warp and 
burr at the time of bending. This makes it possible 
to decrease variations in the form of radiation con- 
ductors 147 and 148 after the assembly of the 
antenna is completed. 

While the quadrifilar back fire helical antenna 
has been described in this embodiment, a bifilar 
antenna employs only first radiation member 141. 
A multi-filar back fire helical antenna may employ 
an additional radiation member. 

A fifth embodiment 


Fig. 10 is a perspective view of a fifth embodi- 
ment of a back fire helical antenna according to the 
present invention. 

A first radiation member 165 has such a struc- 
ture that radiation conductors 166 and 167, an arm 
168 and a lower connection piece 169 are formed 
integrally by sheet metal working. A stub 170 is 
integrally formed with and on radiation conductor 
166. 

A second radiation member 171 has such a 
structure that radiation conductors 172 and 173, an 
arm 174 and a lower connection piece 175 are 
formed integrally by sheet metal working. A stub 
176 is formed integrally on radiation conductor 173. 

A coaxial cable 178 includes a coaxial central 
conductor 179, an insulator 180 formed on periph- 
eries of coaxial central conductor 179, and a co- 
axial outer conductor 181 formed on peripheries of 
insulator 180. A strip line 183 is formed on a 
surface of a dielectric substrate 182. Strip line 183 
serves as a impedance transformer. Coaxial central 
conductor 179 is connected by solder 184 to a first 
end of strip line 183. An earth plate is formed on a 
back surface of dielectric substrate 182, and co- 
axial outer conductor 181 is connected by solder 
(not shown) to the earth plate. 

First and second radiation members 165 and 
171 are disposed to face each other. Lower con- 
nection pieces 169 and 175 are connected to a 
cylinder 177 attached on the peripheries of coaxial 
outer conductor 181. Arm 168 is connected by 
solder (not shown) to a second end of strip line 
183. Arm 174 is connected by solder (not shown) 


to the earth plate formed on the back surface of 
dielectric substrate 182. 

A description will now be made on an operation 
of the helical antenna shown in Fig. 10. The overall 

s length of a first loop constituted by radiation con- 
ductors 167 and 172, arms 168 and 174 and lower 
connection pieces 169 and 175 is set to be slightly 
shorter than a wavelength for use. The first loop 
exhibits capacitive impedance at the wavelength for 

70 use. The overall length of a second loop con- 
stituted by radiation conductors 166 and 173, arms 
168 and 174 and lower connection pieces 169 and 
175 is set to be equal to the first loop. Stubs 170 
and 176 provided in the second loop serve as open 

is stubs. Adjustment of the iength of stub 170 or 176 
varies impedance of the second loop, so that the 
second loop exhibits inductive impedance at the 
wavelength for use. 

With provision of the parallel stubs having ap- 

20 propriate lengths on one of the loops having the 
same length, a phase difference of 90* is allowed 
between each of currents flowing through adjacent 
radiation conductors 166, 167, 172 and 173, and a 
circularly polarized wave is efficiently received or 

25 radiated. 

Thus, although it has been difficult to realize a 
desired loop length in a conventional method in 
which a suitable difference is set in the overall 
length of two loops, provision of stubs in parallel 

30 according to the present invention facilitates adjust- 
ment of stub length by cutting the stubs after 
assembly of the antenna. This also facilitates re- 
alization of a phase difference of 90 \ 

In this embodiment, an effective position where 

as stubs 170 and 176 are attached is the vicinity of 
the central part of radiation conductors 166, 173 in 
which an electric field is maximum. This is because 
with the electric field becoming increased, a 
change of phase with respect to a change of stub 

40 length becomes relatively decreased, facilitating 
control of phase. In some case, stubs may be 
attached to the ends of radiation conductors 166 
and 173, arms 168 and 174 or lower connection 
pieces 169 and 175 for control of phase. 

45 While the first loop length is made equal to the 
second loop length in the fifth embodiment, a suit- 
able difference may be set between the first and 
second loop lengths, and these different loops may 
be combined with parallel stubs! thereby enabling 

so control of phase of a current. 

In addition, the number of stubs is not limited 
to one for each radiation conductor, and a plurality 
of stubs may be attached. Moreover, it is also 
possible that parallel stubs are provided respec- 

55 tively on first and second loops and their respec- 
tive stub lengths are adjusted for control of phase 
of a current, thereby enabling a change in resonant 
frequency in which a phase difference in currents 


6 


11 


EP0 521 511 A2 


12 


between adjacent radiation conductors is 90*. Fur- 
ther, stubs can be used for change of distributions 
of currents flowing through radiation conductors, 
thereby changing radiation pattern. 

The stubs of the fifth embodiment may be 
applied to the first through fourth embodiments. 

As has been described heretofore, according to 
the fifth embodiment, since a current phase can be 
controlled by stubs integrally formed with radiation 
conductors, a circularly polarized wave can be radi- 
ated or received efficiently with a simple structure. 
It is also possible to easily change a current phase 
by adjusting the length of stubs after the comple- 
tion of the antenna. 

While a quadrifiiar back fire heiicai antenna has 
been described in the first through fifth embodi- 
ments, the present invention is not limited to this, 
and a back fire helical antenna of multi-filar type or 
the like may be applied. 

Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and 
example only and is not to be taken by way of 
limitation, the spirit and scope of the present inven- 
tion being limited only by the terms of the appen- 
ded claims. 

Claims 

1. A back fire helical antenna including a radiation 
conductor (83) disposed helically, comprising: 

a strip line (87) including a dielectric sub- 
strate (88) having a main surface and a back 
surface, a first strip conductor (90) formed on 
said main surface, a second strip conductor 

(89) formed on said main surface and elec- 
trically connected with said first strip conductor 

(90) , and a conductive earth plate (118) formed 
on said back surface, 

said second strip conductor (89), said di- 
electric substrate (88) and said conductive 
earth plate (118) constituting transformation 
means for taking a match between impedance 
of said radiation conductor (83) and impedance 
of said strip line (87), 

said radiation conductor (83) being dis- 
posed helically about said strip line (87) set as 
a center, 

said radiation conductor (83) having a first 
end electrically connected with said transfor- 
mation means, 

said radiation conductor (83) having a sec- 
ond end electrically connected with said con- 
ductive earth plate (118). 

2. The back fire helical antenna according to 
.claim 1, wherein an amplifier circuit for am- 
plifying a current flowing through said strip line 


is formed on said dielectric substrate (125). 

3. The back fire helical antenna according to 
claim 1, wherein a width of said first strip 

5 conductor (90) is different in size from a width 

of said second strip conductor (89). 

4. The back fire helical antenna according to 
claim 1, wherein said first and second strip 

10 conductors constitute a strip conductor (120), 

and 

said strip conductor (120) and said con- 
ductive earth plate (121) are formed such that 
respective widths of said strip conductor (120) 
75 and said conductive earth plate (121) become 
smaller from the first end to the second end of 
said dielectric substrate (186) in order to make 
said strip line have a function of balun. 

20 5. The back fire helical antenna according to 
claim 1 , wherein 

said radiation conductor (83, 84, 85, 86) is 
comprised of first, second, third and fourth 
radiation conductors, 

25 said first and second radiation conductors 

(83, 84) have their respective first ends elec- 
trically connected with said second strip con- 
ductor (89), 

said first and second radiation conductors 

30 (83, 84) have their respective second ends 

electrically connected with said conductive 
earth plate (118), 

said third and fourth radiation conductors 
(85, 86) have their respective first ends elec- 

35 trically connected with a portion of said con- 

ductive earth plate (118) constituting said 
transformation means, 

said third and fourth radiation conductors 
(85, 86) have their second ends electrically 

40 connected with said conductive earth plate 
(118). 

said first and third radiation conductors 
(83, 86) constitute a first loop set in an induc- 
tive impedance state, and 
45 said second and fourth radiation conduc- 

tors (84, 85) constitute a second loop set in a 
capacitive impedance state. 

6. The back fire helical antenna according to 
so claim 5, wherein a stub (170) for controlling a 

phase of a current flowing through said first 
loop is formed on said first loop. 

7. A back fire helical antenna including a radiation 
55 conductor (83) disposed helically, comprising: 

a strip line including a dielectric substrate 
(186) having a main surface and a back sur- 
face, a strip conductor (120) formed on said 
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main surface and having a width becoming 
smaller from a first end to a second end of 
said dielectric substrate (186), and a conduc- 
tive earth plate (121) formed on said back 
surface and having a width becoming smaller 
from the first end to the second end of said 
dielectric substrate (186), 

said strip line having a function of balun 
with widths of said strip conductor (120) and 
said conductive earth plate (121) becoming 
smaller from the first end to the second end of 
said dielectric substrate (186), 

said radiation conductor (83) disposed 
helically about said strip line set as a center, 

said radiation conductor (83) having a first 
end electrically connected with a portion of 
said strip line being on the side of the second 
end of said dielectric substrate (186), 

said radiation conductor (83) having a sec- 
ond end electrically connected with said con- 
ductive earth plate (121). 

8. A back fire helical antenna including first and 
second radiation conductors (147, 148) ar- 
ranged helically about a feeder (152) set as a 
center, comprising: 

a radiation member (146) including said 
first radiation conductor (147), said second ra- 
diation conductor (148) disposed to be spaced 
apart from said first radiation conductor (147), 
a first end connecting member (149) for elec- 
trically connecting a first end of said first radi- 
ation conductor (147) and a first end of said 
second radiation conductor (148), and a sec- 
ond end connecting member (150) for elec- 
trically connecting a second end of said first 
radiation conductor (147) and a second end of 
said second radiation conductor (148), said 
first and second radiation conductors (147, 
148) and said first and second end connecting 
members (149, 150) being integrally formed, 

said radiation member (146) disposed 
such that said first and second radiation con- 
ductors (147, 148) form helicoid with said feed- 
er (152) set as a center, 

said first and second end connecting 
members (149, 150) electrically connected with 
said feeder (152). 

9. The back fire helical antenna according to 
claim 8, wherein said radiation member (146) 
is formed by blanking a conductive plate mem- 
ber. 

10. The back fire helical antenna according to 
claim 8, wherein 

said feeder (152) is a strip line (87) includ- 
ing a dielectric substrate (88) having a main 


surface and a back surface, a first strip con- 
ductor (90) formed on said main surface, a 
second strip conductor (89) formed on said 
main surface and electrically connected with 
5 said first strip conductor (90), and a conductive 

earth plate (118) formed on said back surface, 
and 

said second strip conductor (89), said di- 
electric substrate (88) and said conductive 

w earth plate (118) constitutes transformation 

means for taking a match between impedance 
of said first radiation conductor (147) and im- 
pedance of said strip line (87) and a match 
between impedance of said second radiation 

75 conductor (148) and impedance of said strip 

line (87). 

11. The back fire helical antenna according to 
claim 8, wherein 

20 said feeder (152) is a strip line including a 

dielectric substrate (125) having a main sur- 
face and a back surface, a strip conductor 
(127, 128) formed on said main surface, and a 
conductive earth plate formed on said back 

25 surface, and 

an amplifier circuit for amplifying a current 
flowing through said strip line is formed on 
said dielectric substrate (125). 

30 12. The back fire helical antenna according to 
claim 8, wherein 

said feeder (152) is a strip line including a 
dielectric substrate (186) having a main sur- 
face and a back surface, a strip conductor 

35 (120) formed on said main surface, and a 

conductive earth plate (121) formed on said 
back surface, and 

said strip line has a function of balun with 
widths of said strip conductor (120) and said 

40 conductive earth plate (121) becoming smaller 

from a first end to a second end of said 
dielectric substrate (186). 

13. The back fire helical antenna according to 
45 claim 8, wherein 

a stub (170) for controlling a phase of a 
current flowing through said first radiation con- 
ductor (147) is formed on said first radiation 
conductor (147). 

50 

14. The back fire helical antenna according to 
claim 9, wherein 

a stub (170) for controlling a phase of a 
current flowing through said first radiation con- 
55 ductor (147) is formed on said first radiation 

conductor (147) at the time of blanking of said 
conductive plate member. 
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15. The back fire helical antenna according to 
claim 8, wherein 

said radiation member is comprised of first 
and second radiation members (141, 146), 

said feeder (152) is a coaxial cable having 
a coaxial central conductor (153), an insulator 
(154) formed on peripheries of said coaxial 
central conductor (153), and a coaxial outer 
conductor (155) formed on peripheries of said 
insulator (154), 

said first end connecting member (144) of 
said first radiation member (141) is electrically 
connected with said coaxial central conductor 
(153), while said second end connecting mem- 
ber (145) of said first radiation member (141) is 
electrically connected with said coaxial outer 
conductor (155), and 

said first and second end connecting 
members (149, 150) of said second radiation 
member (146) is electrically connected with 
said coaxial outer conductor (155). 

16. A back fire helical antenna including first and 
second radiation conductors (166, 173) ar- 
ranged helically about a feeder (178) set as a 
center, wherein 

a first stub (170) for controlling a phase of 
a current flowing through said first radiation 
conductor (166) is provided on said first radi- 
ation conductor (166). 

17. The back fire helical antenna according to 
claim 16, wherein 

said first stub (170) is provided in the 
vicinity of a central portion in a direction of a 
length of said first radiation conductor (166). 


a feeder (152) set as a center, said method 
comprising the steps of: 

by blanking a conductive plate member, 
forming a radiation member (146) including 

s said first radiation conductor (147), said sec- 

ond radiation conductor (148) disposed with a 
spacing from said first radiation conductor 
(147), a first end connecting member (149) for 
electrically connecting a first end of said first 

10 radiation conductor (147) and a first end of 
said second radiation conductor (148), and a 
second end connecting member (150) for elec- 
trically connecting a second end of said first 
radiation conductor (147) and a second end of 

75 said second radiation conductor (148), said 

first and second radiation conductors (147, 
148) and said first and second end connecting 
members (149, 150) being formed integrally; 
bending said radiation member (146) in a 

20 helical form; 

disposing said helical radiation member 
(146) such that said first and second radiation 
conductors (147, 148) form helicoid about said 
feeder (1 52) set as a center; and 

25 electrically connecting said first and sec- 

ond end connecting members (149, 150) to 
said feeder (152). 

21- The method according to claim 20, wherein 
30 a rib (185) for connecting said first and 

second radiation conductors (147, 148) is 
formed at the same time said radiation mem- 
ber (146) is formed by blanking, and 

said rib (185) is cut off after said radiation 
35 member (146) provided with said rib (185) is 
bent in a helical form. 

22. The method according to claim 20, wherein 

a stub (170) for controlling a phase of a 
current flowing through said first radiation con- 
ductor is formed at the same time said radi- 
ation member is formed by blanking. 


18. The back fire helical antenna according to 
claim 16, further comprising: 

third and fourth radiation conductors (167, 40 
172), 

said first and second radiation conductors 
(166, 173) constituting a first loop, 

a second stub (176) provided on said sec- 
ond radiation conductor (173), 45 

said third and fourth radiation conductors 
(167, 172) constituting a second loop. 

19. The back fire helical antenna according to 
claim 18, wherein 50 

said first loop is set in an inductive imped- 
ance state, and 

said second loop is set in a capacitive 
impedance state. 

55 

20. A method of manufacturing a back fire helical 
antenna including first and second radiation 
conductors (147, 148) arranged helically about 
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© A first radiation member (165) includes radiation 
conductors (166) and (167), an arm (168) and a 
lower connection piece (169) all integrally formed by 
blanking. A stub (170) is likewise integrally formed 
on radiation conductor (166). A second radiation 
member (171) includes radiation conductors (172) 
and (173), an arm (174) and a lower connection 
piece (175) all integrally formed by blanking. A stub 
(176) is likewise integrally formed on radiation con- 
ductor (173). A first loop comprised of radiation 
conductors (167) and (172), arms (168) and (174) 
and lower connection pieces (169) and (175) exhibits 
capacitive impedance at a wavelength for use. The 
overall length of a second loop comprised of radi- 
ation conductors (166) and (173), arms (168) and 
(174) and lower connection pieces (169) and (175) is 
set equal to that of the first loop. The second loop, 
however, exhibits inductive impedance at the 
wavelength for use by adjustment of the length of 
stubs (170) and (176). Adjusting stubs (170) and 
(176) enable control of a phase of a current flowing 
through the second loop. 
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